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We demonstrate that the nontrivial dispersion of a plasma driven by a high-intensity laser pulse
qualitatively affects fundamental nonperturbative QED processes triggered by the laser pulse even
in the case that no electrons remain in the interaction volume, e.g., due to ponderomotive expulsion.
In the electron-free case this plasma effect is mediated by the response current of the residual ions as
a dispersive effect on the laser propagation. The residual ions hence act as an effective background
to the propagating electromagnetic laser field. We demonstrate that this has an impact on the
fundamental nonlinear QED process of photon emission by an electron upon absorption of a large
number of laser photons, called nonlinear Compton scattering. In two exemplary cases we find
the ion plasma to suppress and enhance the photon emission rate by approximately 10% for an
intermediate and high laser intensity, respectively. The latter enhancement has no classical analog.
I. INTRODUCTION
The interaction of ultra-intense laser pulses with mat-
ter has received ever increasing attention over the past
decade, due to tremendous technological progress, en-
abling modern facilities to deliver unprecedented elec-
tromagnetic energy densities in a controlled manner to
small interaction volumes [1–5]. The next generation
of high-power laser facilities, becoming currently avail-
able for research around the globe, enables a plethora of
groundbreaking fundamental physics studies [6] as well as
numerous innovative technical applications, such as com-
pact sources of high-energy radiation [7], relativistic par-
ticle beams [8–11], and damage-free laser pulse character-
isation schemes facilitated by either analysing the radia-
tion emitted from laser-scattered electrons [12–14], or the
electrons’ own dynamics [15]. All matter exposed to these
ultra-high energy densities is immediately ionised to form
a plasma of relativistic particles. And for a complete the-
oretical modelling of ultra-intense laser-plasma physics it
is indispensable to identify and account for all physical ef-
fects potentially affecting the interaction. Notably, it has
been pointed out that as soon as the laser photons trans-
fer an average momentum to a charged particle which, in
its rest frame, is on the order of its rest mass, quantum
electrodynamics (QED) effects start to affect the inter-
action [16]. Furthermore, due to the ultra-high photon
densities of an ultra-strong laser, its photon field couples
to the charged particle nonlinearly, making the use of
nonperturbative field theoretical methods crucially im-
portant [17]. These methods are capable of taking into
account electromagnetic fields of arbitrary strength and
their effects on charged particle dynamics by working in
the Furry picture of quantum dynamics [18]. The two
most common nonperturbative QED effects are the pro-
duction of massive particle/anti-particle pairs, such as
electron-positron pairs, as well as the emission of photons
of such high energies that they exert a sizeable recoil on
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the emitting particle. This latter effect, in particular, la-
beled nonlinear Compton scattering, has been the scope
of numerous studies over the past decade [19–22] and is
conventionally modeled as the emission of a high-energy
photon from a laser-dressed electron in vacuum. On the
other hand, several applications explicitly rely on dense
targets to control the laser propagation [23, 24] or non-
perturbative QED effects themselves [25, 26]. For exam-
ple, previously studied prolific X-ray sources from laser-
driven electrons [27], in all-optical setups [28–31] can uti-
lize the plasma as electron source [32]. In this respect,
even if the interaction is designed to be in vacuum, realis-
tic ultra-intense laser setups involve many material com-
ponents within the experimental chamber. Hence, appli-
cations, in any case, have to deal with a residual back-
ground gas pressure, quickly ionized to a plasma. Fur-
thermore, in order to extract a sizeable detection signal,
electrons enter the interaction volume as dense beams.
Hence, there will be a background of charged particles,
i.e., a plasma, even under best circumstances. In a clas-
sical framework, plasma effects on the radiation emission
patterns of laser-driven electrons were found to be signif-
icant [33], just as could be expected from the impact of
nonlinear effects on the emission of laser-driven electrons
in vacuum [34, 35]. This importance of plasma effects
is fundamentally related to the collective response of a
plasma to a strong laser-drive, which exhibits clear differ-
ences with respect to the vacuum response of single par-
ticles [36]. In addition, it is the scope of a large ongoing
research effort to investigate how production of charged
particles through nonperturbative QED processes can al-
ter this plasma background or, at highest intensities, even
create a plasma from previously empty space [37–41]. At
the core of large-scale numerical simulation schemes used
to model such ultra-intense laser-plasma interactions lie
nonperturbative QED rates obtained in vacuum. On the
other hand, it was only recently demonstrated that a
plasma background can significantly alter nonperturba-
tive QED rates from their vacuum values, notably that
of nonlinear Compton [42]. Neglecting such alterations
can have significant effects for the predictive power of
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2FIG. 1. Schematic of the studied hierarchy of including
plasma effects in first-principles QED calculations: (a) The
classical high-intensity laser field experiences the plasma as
a homogeneous background, affecting its propagation in the
form of a nontrivial dispersion relation. (b) The altered laser
properties affect the wave functions of a laser-driven particle,
e.g., an electron. (c) Using the altered wave functions as ba-
sis set in nonperturbative QED calculations accounts for the
plasma’s dispersive effect.
established simulation schemes. It was thus deemed to
be of highest relevance to accurately quantify potential
effects of a nontrivial plasma background on fundamen-
tal nonperturbative QED effects and to provide estimates
for which parameters the conventional vacuum rates need
to be corrected. A fundamental problem of this task is
how to model the plasma. Previously it was approxi-
mated as a homogeneous background composed of elec-
trons and protons. However, an ultra-intense laser pulse
induces strong envelope dynamics of the low-mass elec-
trons, effectively pushing them out of the interaction vol-
ume through ponderomotive scattering [43]. Hence, the
actual electron density in the laser’s path is not a pri-
ori known, and may even by vanishing for highest laser
intensities. On the other hand, the heavier ions are less
affected by a ponderomotive push and will hence stay in
place longer, such that the interaction volume will still
be filled with a charged plasma of heavy ions.
In this work, we estimate the effect of this remaining
ion population on the laser propagation and consequently
on nonperturbative QED effects triggered by the laser.
We will follow the original approach of [42] and model
the plasma background as a homogeneous charge cloud
of number density n. Consequently, the plasma will only
act by altering the laser’s propagation dynamics through
a nontrivial dispersion. On the other hand, even such
a leading order approximation predicts significant alter-
ations of the laser-dressed wave functions, used as basis
sets in a Furry picture representation of QED. Hence,
the emission characteristics computed from this basis set
will be affected (s. fig. 1). In accordance to earlier work
[42], the indirect effect of the background plasma on any
nonperturbative QED effect involving electrons, medi-
ated through the laser’s altered dispersion, is modelled
by replacing the vacuum wave functions of a laser-dressed
electron (mass and charge me and e < 0, respectively) by
their counterparts in a homogeneous plasma. The corre-
spondingly required solutions of the Dirac equation have
been intensely studied over the past decades (s. refer-
ences in [42]).
The paper is organised as follows: In the following sec-
tion II we estimate typical time scales and plasma proper-
ties determining the dynamics of plasma heating and ra-
diation emission. In section III we introduce the model of
the plasma dispersion used in this work. In section IV we
will reiterate the central aspects of performing nonpertur-
bative QED calculations in a plasma-dressed laser field.
And in section V we will present numerical simulations of
the plasma-dependent alterations to the emitted energy.
The final comments of section VI will then conclude this
work. We will use natural units ~ = c = kB = 1 unless
explicitly stated otherwise.
II. PLASMA MODEL
In this section we develop our model for the plasma re-
sponse. A spatially inhomogeneous laser field EL(x), os-
cillating at a frequency ωL exerts a ponderomotive force
on any charged particle of massm and charge q according
to
Fp = − q
2
4mω2L
∇ (E2L(x)) . (1)
Due to this force plasma particles are expelled from the
interaction volume. Naturally, the ponderomotive expul-
sion will not be perfect. In order to estimate the maximal
particle density the laser can expel from the interaction
volume, we balance the ponderomotive force eq. (1) with
the charge separation field resulting from a number of N
charges being separated from the same number of oppo-
site charges in the laser’s focal volume by a distance r,
which is simply given by
FC =
q2nV
r2
, (2)
where we estimate the particle number as the product
of the particle density n and the interaction volume V .
The natural assumption for the interaction volume’s size
is that it is equal to the laser’s focal volume V ∼ piw20lR,
where w0 is the laser’s focal spot size and lR = piw20/λL
the Rayleigh length. Moreover, it is natural to assume
that the particles will be transversely expelled from the
focal volume to a distance of approximately w0 and that
the typical gradient length of the ponderomotive force in
eq. (1) will be of the same order. Then, the force balance
of charge separation pull and ponderomotive push results
in a maximal particle density which the laser can expel
from its focal volume
nmax =
E2L(x)
2pimω3Lw
3
0
. (3)
3Particles in excess of this threshold remain inside the in-
teraction volume. From the inverse dependence on the
particle mass we conclude that electrons, being the light-
est plasma particles, are expelled first and the heavier
ions are much less affected by the ponderomotive push.
Furthermore, the latter are much slower in response due
to a smaller acceleration, as compared to electrons, re-
sulting from an equal force. As a consequence, we can as-
sume the ions to remain in place. We consequently model
the plasma as a homogeneous background of charged ions
only, which react to the laser field by forming a response
current, which will affect the electromagnetic field prop-
agation through the plasma.
This assumption of a homogeneous background ion
plasma will be more reliable than in previously studies
where an electron-proton plasma was assumed to be ho-
mogeneous [42]. In order to quantify the quality of the
homogeneous assumption, we compare the characteris-
tic time scales of the laser pulse’s duration τL and the
shortest collective response time of ions, given by the ion
plasma period of protons
τpi =
2pi
ωpi
≈ 477
√ √
1 + ξ2i
n[1020cm−3]
fs, (4)
where we introduced the ion plasma frequency ωpi =√
4pie2n/m∗i and assumed the ions to be protons with
an effective mass relativistically increased through the
laser pulse according to m∗i = mp
√
1 + ξ2i , with ξi =
eEL/mpωL the classical nonlinearity parameter of a laser
with peak field EL for protons of mass mp. Since ultra-
intense laser pulses most commonly operate in ultra-short
pulse mode τL ∼ 10 fs we see that τL  τpi, i.e., the
laser pulse will pass through an almost unperturbed ion
plasma, for densities n  2.3√1 + ξ2i × 1022 cm−3. Ac-
cording to the ponderomotive heating model [44] the ions’
temperature grows to Ti ∼ m∗i . Assuming that the col-
lective ion motion builds up only over times scales τpi,
we can then estimate the laser-driven ion temperature
to be Ti ∼ m∗i τL/τpi  m∗i . Hence, the ion plasma
can be approximated to be cold. Additionally, we are
going to neglect ion collisions, as is common in ultra-
intense laser-plasma interactions [45], as well as active
plasma feedback such as the formation of instabilities or
any plasmonic feedback. Furthermore, we are going to as-
sume that the plasma’s spatial extent is much larger than
the ion plasma wavelength such that it is unperturbed by
boundary effects, and that the ion plasma wavelength is
much larger than the laser spot size w0  1/ωpi. Under
these assumptions, we can neglect the expansion of the
surrounding ion plasma and treat its collective electro-
static field as a background to the motion of the laser-
driven ions, permeating the laser-drilled plasma channel.
Since the ions inside the laser channel will be driven from
their equilibrium position inside this background field by
the oscillating laser field only along the laser’s polarisa-
tion direction, each will represent an oscillation dipole
with respect to the unperturbed background field, and
the laser’s propagation through the ion plasma will be af-
fected only by its collective response current. Naturally,
a similar ionic response also affects the propagation of
the emitted high-energy photons which we take into ac-
count here, in contrast to earlier work [42], in order to
also reliably model the emission of low-energy photons.
Next, we compare the average time it takes a laser-
driven electron to emit a photon to the typical time
scale it takes the laser to heat the electrons to high tem-
peratures. As we are considering the nonlinear regime
ξ & 1, the time it takes for a photon to be emitted by
laser-driven electron will be given by τrad ∼ 1/(αωLξ) ≈
102/(ωL[eV]ξ) fs [16]. While we will find corrections to
this vacuum estimate, it still remains of the same order of
magnitude, for the parameters studied here. On the other
hand, the heating time of the plasma’s electron popula-
tion is given by the characteristic time scale of a collective
mode excitation, which is the inverse of the plasma fre-
quency τpe ∼ 2pi/ωpe = (pi
√
1 + ξ2eme/(e
2n))1/2, where
ξe = ξimp/me and we introduced the electron plasma fre-
quency ωpe =
√
4pie2n/m∗e and estimated the electron’s
relativistic mass increase due to the oscillations in the
laser field as m∗e = me
√
1 + ξ2e . From this consideration
we conclude that it holds τpe = τrad at the equilibrium
plasma density
n = neq := pie2
√
1 + ξ2emeω
2
Lξ
2, (5)
with τpe > τrad for n < neq and vice verse. In the follow-
ing investigation we are going to consider both parame-
ter regimes, such that the electron heating time is either
significantly shorter or longer than the emission time,
respectively. In the former case the electrons are first
collectively heated to a high temperature by the laser,
while their emission remains small. In the latter case, on
the other hand, the electrons emit significant radiation
already while being excited to a collective response by
the laser. Nevertheless, in both cases the electrons are
heated to high temperatures by the laser and pushed out
of the interaction volume. It is worth pointing out, how-
ever, that even though we assume that the bulk of the
plasma electrons will be expelled from the interaction vol-
ume by the laser well before the onset of photon emission,
according to eq. (3) there will still be some residual elec-
trons present in the laser’s interaction volume. And since
the Compton cross section is inversely proportional to a
particle’s mass, these electrons will radiate much more
abundantly than the heavier ions. It is thus sensible to
first consider the emission from a laser-driven electron
here.
III. ION PLASMA DISPERSION
To derive the ion plasma dispersion relation we start
from the inhomogeneous Maxwell equations for the
laser’s electric and magnetic fields EL and BL, respec-
4tively, which combine to the wave equation [46]
∇×∇×EL + ∂
2EL
∂t2
= −4pi ∂
∂t
j, (6)
where j is the plasma current. In accordance with stan-
dard procedure, we will assume the vacuum solutions of
this wave equation to be plane wave solutions, which are
a complete basis of the electromagnetic field. They are
of the form
EL = EL,0exp [−i (ωLt− kLx)]
BL = BL,0exp [−i (ωLt− kLx)] ,
where kL is the laser’s wave vector. With these solutions
we can simplify the wave eq. (6) and and transform it
to its Fourier space counterparts for the laser’s Fourier
component E˜L
−kL(kLE˜L) + k2LE˜L − ω2LE˜L = i4piωLj˜, (7)
where we also used the vector identity kL × kL × E˜L =
kL(kLE˜L) − k2LE˜L. Under our assumptions introduced
in section II the plasma polarisation will be a linear func-
tion of the driving laser field, such that the Fourier trans-
form of the laser-driven current’s Fourier transform will
be given by the transform of the ions’ equation of motion,
which reads [44]
−iωLm∗i v˜ = −
iωLm
∗
i
ne
j˜ = eE˜L.
Inserting the resulting charge current into eq. (7) we ar-
rive at the dispersion relation [44](
k2L − ω2L +
4pie2n
m∗i
)
E˜L = 0, (8)
where we additionally respected that for a transverse
laser wave in a homogeneous plasma it will hold kLE˜L ≡
0. Naturally, for a nontrivial laser field eq. (8) is only
satisfied for
ω2L = k
2
Lc
2 + ω2pi, (9)
where we found the ion plasma frequency ωpi reappear-
ing as the characteristic frequency of the ions’ response
current. This relation is the dispersion relation of a laser
wave travelling through an ion plasma, which can alter-
natively be expressed as a refractive index for a photon
of frequency ω
n(ω) =
√
1− ω
2
pi
ω2
, (10)
which we are going to consider below.
IV. QED MODEL
In order to estimate the effect of the background ion
plasma on the emission of radiation from a laser-driven
charge in a QED framework, we need to estimate the
corresponding QED emission probability. As argued in
section II, the emission from residual electrons can be
stronger than that from the heavy ions, whence we are
going to study the emission from such an electron, which
we assume to remain in the ion plasma. We explicitly
note that this does not contradict the assumption of near-
complete electron expulsion from the laser channel, since
the residual electron density derived in eq. (3) will be so
small that it does not collectively affect the ionic plasma
response. And, furthermore, in the surrounding plasma
strong return currents will be driven, which will partly
permeate through the interaction region [47].
As introduced in section II we will model the laser
pulse as a plane wave, depending on the space-time co-
ordinates xµ only through its invariant phase η = xµk
µ
L,
where kµL = ωL(1, n(ωL)κL) is the laser’s wave vector
and κL its three-dimensional propagation direction, sat-
isfying κ2L = 1. The laser’s potential is then given by
AµL(η) = miξi/ |e| µLψ(η), where µL is the laser’s polar-
isation and ψ(η) its temporal shape, respectively. We
then base the following discussion on the perturbative
multiple-scale perturbation theory approach derived in
[42]. In this perturbative framework, the Dirac equa-
tion and the solution ansatz are expanded in orders of
k2L/ω
2
L  1 and the resulting power series solved iter-
atively. Such a perturbative approach is well suited to
scattering at energy scales far above any binding barrier
[48]. The solution of the Dirac equation for an electron
of asymptotic momentum pµ = ε(1, βn) in the presence
of such a laser pulse propagating through a background
plasma are derived to be
Ψp(x) =
[
ΦV,p +
k2L
2(kLp)
δΦp
]
e−i(px)−iΣp(η)
up√
2εV
(11)
Σp(η) =σp(η) +
k2L
2(kLp)
δσp(η)
σp(η) =e
(pAL)
(kLp)
− e
2A2L
2(kLp)
ΦV,p =1 + e
6kL 6AL(η)
2(kLp)
δΦp =σp(η)
[
1 + e
6kL 6AL(η)
(kLp)
]
− e
2A2L(η)
4(kLp)
ΦV,p
− ie 6kL 6A
′
L(η)
2(kLp)
.
where up is a vacuum four spinor, we used the slash
notation 6a = aµγµ, with the Dirac matrices γµ and
aµb
µ = (ab) for any two four-vectors aµ, bµ. The wave
function Ψx(x) and its Dirac conjugate Ψp(η) = Ψ†p(η)γ0
are then combined in the scattering matrix element of
an electron of initial momentum pµi to emit a single pho-
5ton of momentum kµf = ωf (1, n(ωf )κf ) and polarisation
vector µf and change its momentum to p
µ
f
Sfi =
∫
d4xΨpf 6∗fΨpie−i(pi−kf−pf )−i(Σpi (η)−Σpf (η)).
(12)
From this scattering matrix element we obtain the emit-
ted energy via the standard expression
dErad = ωf
d3kfd
3pf
(2pi)6
∑
α,β
|Sfi|2 , (13)
where α and β represent the electron’s and photon’s fi-
nal spin and polarisation degrees of freedom, respectively,
and the total emitted energy Erad is obtained by integra-
tion over d3kfd3pf . Since the three space-time coordi-
nates perpendicular to η enter the integrand in eq. (12)
only linearly in the exponential phase, they translate
to three energy-momentum conserving δ-functions which
collapse three of the final state momentum integrations.
In order to simplify the remaining three-dimensional inte-
gral we note that in the regime ξ & 1 an electron is driven
to relativistic energies by the laser, whence it emits ra-
diation only into a narrow cone around its instantaneous
direction of propagation. Since a linearly polarised laser
drives electron motion only in its plane of polarisation,
we can confine our consideration to emission in that plane
only. This corresponds to fixing the azimuthal angle to
φ = 0, pi in a spherical coordinate system with the laser’s
propagation and polarisation direction as polar and az-
imuthal axis, respectively. Hence, in eq. (13) effectively
there only remains a two-dimensional integration which
we carry out numerically.
V. NUMERICAL STUDIES AND DISCUSSION
In the following we consider an ultra-short laser pulse,
modelled by the potential A(η) = sin4(η/4) sin(η), cor-
responding to a τL ≈ 6 fs pulse duration propagating
through a homogeneous ion plasma of varying density
n. We aim to model an optical laser field, whence we
consider ωL = 1.55 eV, corresponding to a wavelength
λL = 800 nm. As mentioned above, we consider the sim-
plest case of a plasma composed of protons with mass
mp ≈ 938 MeV.
We begin by studying the emission probability of a
laser-driven electron inside a proton plasma bulk for
a moderately relativistic laser intensity of IL = 1019
W/cm2 (ξe ≈ 2). In this case the maximal particle den-
sity compensating the laser’s ponderomotive push from
eq. (3) is approximately nmax ≈ 7× 1019 cm−3, indicat-
ing that the proton density by orders of magnitude ex-
ceeds the residual electron density, which thus cannot be
expected to perturb the proton dynamics. Furthermore,
the equilibrium plasma density for the emission and heat-
ing times, derived above evaluates to neq ≈ 4 × 1019
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FIG. 2. (a) Total emitted energy Erad of an electron driven
by a laser pulse of intensity IL = 1019 W/cm2 as a function
of ion number density n. (b) Relative error of the exact result
with respect to the vacuum result.
cm−3. As we are going to study much denser plasmas
n  neq below, we conclude that the electrons will be
collectively heated to a high temperature before they
emit radiation. We estimate the average thermal elec-
tron energy through the ponderomotive approximation
εth ≈ me(1 + ξ2e)1/2 ≈ 2.2me [49], indicating that the
electron will be only mildly relativistic. While the in-
clusion of the plasma’s full thermal distribution func-
tion on the emission characteristics is certainly a rele-
vant addition, it significantly complicates the numerical
evaluation of the scattering matrix element, as a thermal
average over an isotropic electron momentum distribu-
tion has to be performed. For the sake of tractability
this is left to future work. We merely note that in the
electron’s rest frame the laser pulse will not be strongly
differing from its lab frame properties and neglect its
thermal motion to approximate the full result by the
emission of an electron initially at rest εi = me. For
this initial condition, we obtain a quantum nonlinear-
ity parameter of χ := |eEL|(kLpi)/(m3eωL) ≈ 6 × 10−6,
which indicates quantum effects are unimportant. In
fact, we find we find a reduction of the emitted en-
ergy Erad for an increasing plasma density (s. fig. 2).
The relative disagreement of the emitted energy en-
ergy with the vacuum result Erad,vac is well reproduced
by a linear fit δErad :=
∣∣Erad,vac − Erad∣∣ /Erad,vac ≈
2.5 × 10−2 n[1023cm−3] which is qualitatively in agree-
ment with earlier results obtained in a homogeneous,
electron-ion plasma, in which the electrons are the carri-
ers of the response current [42]. Furthermore, the negli-
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FIG. 3. (a) Total emitted energy Erad of an electron driven
by a laser pulse of intensity IL = 1022 W/cm2 as a function
of proton number density n. (b) Relative error of the exact
result with respect to the vacuum result.
gible impact of quantum effects is highlighted by the fact
that the observed reduction of the emitted energy with
increasing plasma density is a classical effect due to the
suppression of the formation of a radiating current by the
plasma [42].
Next, we turn to investigating the emission probabil-
ity of a laser-driven electron inside a proton plasma bulk
for a strongly relativistic laser intensity of IL = 1022
W/cm2 (ξe ≈ 68). In this case we find a significantly
larger equilibrium plasma density neq ≈ 1024 cm−3. Plas-
mas of such high density are opaque to optical radiation
even when considering relativistic transparency and we
find the emitted radiation to be corrected from the vac-
uum prediction beyond the applicability of the leading-
order perturbation theory, developed here. Hence, we
study plasmas of smaller density n  neq, whence we
conclude the electron’s collective response will be frozen
on the time scales of photon emission. As a result, we
can approximate even the plasma electrons to be cold
and consider the emission of an electron of initial en-
ergy εi = me. We note that in this parameter set we
obtain χ ≈ 2 × 10−4, which indicates that the onset of
quantum effects would not be expected in vacuum. Yet,
even in a dilute proton plasma of density n = 1018 cm−3
we find an enhancement of the emitted energy for an
increasing plasma density (s. fig. 3 (a)). The relative
disagreement of the emitted energy energy with the vac-
uum result is well reproduced by a quadratic fit δErad :=∣∣Erad,vac − Erad∣∣ /Erad,vac ≈ 5.7 × 10−2 n2[1019cm−3].
And also in this case of a high-intensity laser pulse, the
emission enhancement as well as the quadratic scaling
are in qualitative agreement with results obtained for a
neutral electron-ion plasma and not observed in a classi-
cal calculation of the emitted energy [42]. The appear-
ance of these qualitatively non-classical signatures seems
to indicate that the condition for the onset of nonlinear
quantum effects may be altered by a background plasma.
VI. CONCLUSION
We have demonstrated that the inclusion of the dis-
persive properties of a homogeneous plasma composed of
heavy charged particles, such as ions, on a high-intensity
laser pulse’s dynamic characteristics, notably its disper-
sion, qualitatively alters the fundamental rate of radia-
tion emission from a laser-driven particle, here shown on
the example of photon emission from an electron embed-
ded in a proton plasma. Quantitatively, we have shown,
that for a mildly relativistic laser of intensity IL = 1019
W/cm2 in a proton plasma of density n = 1023 cm−3,
comparable to solid density, the emitted energy is re-
duced by several percent (s. fig. 2). For a higher laser
intensity of IL = 1022 W/cm2, on the other hand, we
found that a proton plasma density of n = 1019 cm−3
increases the emitted energy by almost 10% (s. fig. 3, in
contrast to the classically expected suppression of emis-
sion. This result further corroborates the earlier finding,
that the dispersive effect of a homogeneous plasma af-
fects first-principles QED rate [42]. And this result shows
that even in a high-power laser-driven plasma with all
electrons ponderomotively expelled, there arises a size-
able correction to the vacuum rates of one of the most
fundamental processes of nonperturbative QED, namely
nonlinear Compton scattering. These results are relevant
at current and upcoming high-power laser facilities.
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